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(57) ABSTRACT

When a reticle stage capable of moving while holding a
reticle 1s at a predetermined unloading position, an unload-
ing arm performs unloading of a reticle. Also, the mstant or
immediately after the reticle 1s separated from the reticle
stage by the unloading arm, the reticle stage 1s moved to a
predetermined loading position where a reticle 1s loaded
onto the reticle stage by a loading arm. This allows the
reticle to be loaded onto the reticle stage before the unload-
ing arm completely withdraws from the unloading position,
which reduces the downtime between the retile unloading
and the reticle loading. Accordingly, the throughput of the
exposure apparatus can be improved, since the time required
for reticle exchange 1s reduced.

22 Claims, 9 Drawing Sheets
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MASK EXCHANGING METHOD AND
EXPOSURE APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATTIONS

This 1s a continuation of International Application PCT/
JP02/08386, with an international filing date of Aug. 20,
2002, the entire content of which being hereby incorporated
herein by reference, which was not published 1n English.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to mask exchanging meth-
ods and exposure apparatus, and more particularly to a mask
exchanging method 1n which a mask 1s loaded on a mask
stage while a used mask 1s unloaded from the mask stage,
and an exposure apparatus to which the mask exchanging
method 1s suitably applied.

2. Description of the Related Art

Conventionally, 1n a lithographic process to produce lig-
uid crystal display devices or the like, from the viewpoint of
emphasizing the importance of throughput due to recent
higher integration of semiconductor devices or the like and
the 1ncreasing size of a substrate such as a wafer, a mask or
a reticle (hereinafter generally referred to as a ‘reticle’),
projection exposure apparatus of a sequentially moving
type, such as a reduction projection exposure apparatus
based on a step-and-repeat method and an improvement of
such a stepper like a scanning exposure apparatus based on
a step-and-scan method (the so-called scanning stepper) are
mainly used.

For example, in a conventional scanning stepper, as a
reticle carritage mechanism for loading and unloading a
reticle on a reticle stage where the reticle 1s to be held, a
mechanism such as the one shown 1n FIG. 9 1n a planar view
has been used. FIG. 9 shows a reticle carriage mechanism
120, which comprises a drive shaft 104 driven by a vertical/
rotational mechanism (not shown), an arm drive section 102
fixed to the lower end portion of drive shaft 104 (the end in
depth of the page surface of FIG. 9), a pair of arms 106 A and
106B provided on one side of arm drive section 102, and a
pair of arms 108A and 108B provided on the other side of
arm drive section 102. In reticle carrtage mechanism 120,
the entire structure mcluding arm drive section 102 and the
two pair of arms 106A and 106B, and 108A and 108B, is
drivable by the vertical/rotational mechanism via drive shaft
104, in a vertical direction (the perpendicular direction to the
page surface in FIG. 9) and in a rotational direction. In
addition, arms 106A and 106B, and 108A and 108B operate

(open/close) under the control of arm drive section 102.

Reticle exchange by reticle carrtage mechanism 120 1s
basically performed 1n the following manner.

First of all, as 1s shown 1n FIG. 9, on a waiting table 110,
a reticle outline alignment mechanism consisting of posi-
tioning pmns 112A to 112E that can be simultaneously
opened/closed holds a reticle R1 whose position 1s mechani-
cally set 1n advance by suction, with arms 108A and 108B.
And, 1n parallel with this operation, on a reticle stage RST,
a reticle R2 1s held by suction by arms 106A and 106B.
Then, the vertical/rotational mechanism drives arm drive
section 102 integrally with drive shaft 104 upward a prede-
termined amount. With this operation, arms 108A and 108B,
and arms 106A and 106B that are holding reticles R1 and R2
unload them from waiting table 110 and reticle stage RST,
respectively Then, immediately after the unloading, posi-
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tioning pins 112A to 112E move outward from their posi-
tions shown in FIG. 9 (move in an open direction).

Next, the vertical/rotational mechanism rotates arm drive
section 102 integrally with drive shaft 104 at an angle of 180
degrees, so that reticle R1 1s located above reticle stage RST
and reticle R2 1s located above waiting table 110. Then, the
vertical/rotational mechanism drives arm drive section 102
integrally with drive shaft 104 downward, and loads reficle
R1 and reticle R2 on reticle stage RST and waiting table 110,
respectively.

Then, arms 108A and 108B, and arms 106A and 106B
release the suction of the reticles and perform an opening
operation. Then, arm drive section 102 integrally withdraws
upward with drive shaft 104 via the wvertical/rotational
mechanism, which completes the reticle exchange.

However, 1n the above conventional reticle carriage
mechanism 120, the unloading of the reticles from waiting
table 110 and reticle stage RST 1s performed at the same
time, likewise the loading of the reticles onto waiting table
110 and reticle stage RST. Therefore, preparatory operations
for reticle exchange 1s hardly possible while reticle stage
RST 1s at the exposure position, and furthermore because the
reticle 1s carried from waiting table 110 to reticle stage RST
(and from reticle stage RST to the waiting table) by the
rotational operation of the drive shaft by 180 degrees, the
rotating period becomes a full waiting time from the view-
point of the reticle stage RST side. Such a waiting time of
the reticle stage occurring was one of the reasons for the
throughput bemg reduced 1n the entire exposure process.

In addition, in reticle carriage mechanism 120, as i1s
previously described, after reticle alignment processing
(mechanical positioning by the reticle outline alignment
mechanism) has been performed, a total of two reticle
delivery operations were performed; unloading the reticle
from waiting table 110, and loading the reticle on reficle
stage RST. This consequently reduced the carriage accuracy,
because 1n such a case, the reticle was loaded onto the reticle
stage with the displacement occurring due to delivery. In
addition, in such a case, when the displacement 1s large,
cases may occur when rough alignment (pre-alignment) is
necessary prior to a fine alignment operation when perform-
ing reticle alignment before exposure, or depending on the
movable range of the reticle stage (especially in the non-
scanning direction and the rotational direction) that has been
set, correction may be difficult. In the latter case, the reticle
loading will have to be performed again.

In addition, recently, from the viewpoint of improving
throughput, exposure apparatus are being developed that are
based on a double water stage method where two waler
stages are used and while exposure operation 1s being
performed on one wafer stage, waler exchange and wafer
alienment are being performed on the other wafer stage.
With this kind of exposure apparatus, exposure operation
has to be continuously performed, only to be suspended
when reticle exchange 1s performed on the reficle stage side;
therefore, prearrangements for exchanging the reticle are
preferably made while exposure operation 1s being per-
formed from the viewpoint of improving the throughput.
However, as 1s previously described, in the conventional
reticle carriage mechanism 120, preparatory operations for
reticle exchange can hardly be performed while reticle stage
RST 1s at the exposure position, and furthermore, as it 1s
obvious from FIG. 9, because reticle stage RST and reticle
carriage mechanism are both arranged on the same body, the
exposure accuracy could be degraded due to vibration that 1s
likely to occur in the preparatory operations for reticle
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exchange. Accordingly, the conventional reticle carrier sys-
tem may possibly be an obstacle when achieving high
throughput, which 1s supposed to be the biggest advantage
that the exposure apparatus based on the double water stage
method originally has.

SUMMARY OF THE INVENTION

The present i1nvention was made under such
circumstances, and has as its first object to provide a mask
exchanging method in which the time required for exchang-
ing the mask can be reduced.

In addition, the second object of the present invention 1s
to provide an exposure apparatus that can especially
improve throughput.

According to a first aspect of the present invention, there
1s provided a mask exchanging method in which mask
exchange 1s performed on a mask stage movable 1in a
predetermined direction, the method comprising: an unload-
ing process 1n which an unloading arm unloads a mask from
the mask stage when the mask stage holding the mask 1s at
a predetermined unloading position; a loading process 1n
which a loading arm drivable independently from the
unloading arm loads a mask on the mask stage when the
mask stage holds the mask at a predetermined loading
position different from the unloading position; and a moving,
process 1n which the mask stage 1s moved from the unload-
ing position to the loading position 1n between the unloading
process and the loading process.

According to this method, when the mask stage holding a
mask 1s at the predetermined unloading position, the mask 1s
unloaded from the mask stage by the unloading arm, and
before the unloading sequence 1s completed, that 1s, at some
point after the mask has been separated form the mask stage
by the unloading arm, the mask stage 1s moved from the
unloading position to the predetermined loading position
where a mask 1s loaded onto the mask stage by the loading,
arm. Accordingly, by the mask stage moving to the loading
position the instant or immediately after the mask 1s sepa-
rated from the mask stage by the unloading arm, a mask can
be loaded onto the mask stage prior to the complete with-
drawal of the unloading arm from the unloading position.
Such an arrangement allows the downtime (corresponds to
the conventional waiting time previously described) that
occurs 1n between the unloading of the mask from the mask
stage by the unloading arm and the loading of a mask onto
the mask stage by the loading arm to be reduced, which
makes 1t possible to reduce the time required for mask
exchange.

In this case, the method can further comprise: a measuring,
process 1n which a relative position between the mask and
the loading arm 1s measured 1n a noncontact manner by the
fime a mask 1s loaded onto the mask stage; and an adjust-
ment process 1 which a positional relation between the
mask and the mask stage 1s adjusted when loading of the
mask by the loading arm onto the mask stage 1s performed,
taking 1nto consideration results of the measuring.

According to a second aspect of the present invention,
there 1s provided a first exposure apparatus that transfers a
pattern formed on a mask onto a photosensitive object, the
apparatus comprising: a mask stage that holds the mask and
1s movable 1n at least a predetermined uniaxial direction; a
mask carrier system that has a loading arm that loads a mask
onto the mask stage when the mask stage 1s at a predeter-
mined loading position and an unloading arm that 1s driven
independently from the loading arm and unloads a mask
from the mask stage when the mask stage 1s at an unloading
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position different from the loading position; and a stage
control unit that moves the mask stage from the unloading
position to the loading position in between unloading opera-
tion of the mask by the unloading arm and loading operation
of a mask by the loading arm.

With this apparatus, when the mask stage movable 1n at
least a predetermined uniaxial direction holding a mask 1s at
the predetermined unloading position, the unloading arm
that structures the mask carrier system unloads the mask
from the mask stage, and before the unloading sequence 1s
completed, that 1s, at some point after the mask has been
separated form the mask stage by the unloading arm, the
stage control unit moves the mask stage from the unloading
position to the predetermined loading position where a mask
1s loaded onto the mask stage by the loading arm that
structures the mask carrier system. Accordingly, by the mask
stage moving to the loading position the instant or 1mme-
diately after the mask 1s separated from the mask stage by
the unloading arm, a mask can be loaded onto the mask stage
prior to the complete withdrawal of the unloading arm from
the unloading position. Such an arrangement allows the
downtime (corresponds to the conventional waiting time
previously described) that occurs in between the unloading
of the mask from the mask stage by the unloading arm and
the loading of a mask onto the mask stage by the loading arm
to be reduced, which makes it possible to reduce the time

required for mask exchange.

In this case, the exposure apparatus can further comprise
an object stage that holds the photosensitive object, and 1n
the case when the mask stage and the object stage are
synchronously driven when pattern transfer 1s performed,
the unloading position and the loading position can be set
apart 1n the uniaxial direction in which the mask stage moves
on the pattern transfer.

With the first exposure apparatus 1n the present invention,
the apparatus can further comprise: a noncontact position
measuring unit that measures a relative position between the
mask and the loading arm 1n a noncontact manner by the
fime a mask 1s loaded onto the mask stage; and a control unit
that adjusts a positional relation between the mask and the
mask stage when loading of the mask by the loading arm
onto the mask stage 1s performed, taking 1nto consideration
results of the measuring by the noncontact position measur-
Ing unit.

With the first exposure apparatus 1n the present invention,
loading of a mask onto the mask stage and unloading of a
mask from the mask stage can be performed by combining
relative movement of the loading arm and the unloading
arm, respectively, and the mask stage within a predeter-
mined plane, and relative movement of the loading arm and
the unloading arm, respectively, and the mask stage 1n a
direction perpendicular to the predetermined plane.

In this case, at least one of the loading arm and the
unloading arm can be movable m both the predetermined
plane and 1n the direction perpendicular to the predeter-
mined plane.

With the first exposure apparatus 1n the present invention,
a plurality of masks can be mounted on the mask stage along,
a collinear direction 1n which the loading position and the
unloading position are arranged.

In this case, the apparatus can further comprise: a plurality
of object stages that can move mdependently, each holding
the photosensitive object.

With the first exposure apparatus 1n the present invention,
the apparatus can further comprise: an unloading buffer on
which a mask that has been unloaded from the mask stage
1s mounted.
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In this case, the apparatus can further comprise: a loading,
buffer on which a mask to be loaded onto the mask stage 1s
temporarily mounted.

In this case, a positioning unit that mechanically positions
a mask can be provided on said loading buffer.

With the first exposure apparatus in the present invention,
the apparatus can further comprise: a plurality of object
stages that can move 1independently, each holding the pho-
tosensitive object.

According to a third aspect of the present invention, there
1s provided a second exposure apparatus that transfers a
pattern formed on a mask onto a photosensitive object, the
apparatus comprising: a mask stage that holds the mask and
1s movable 1n at least a predetermined uniaxial direction; a
mask carrier system that includes a loading arm used for
loading the mask onto the mask stage and an unloading arm
driven independently from the loading arm for unloading the
mask from the mask stage; a position measuring unit that
measures a relative position between the mask and the
loading arm in a noncontact manner by the time a mask 1s
loaded onto the mask stage; and a control unit that adjusts a
positional relation between the mask and the mask stage
when loading of the mask by the loading arm onto the mask
stage 1s performed, taking into consideration measurement
results of the position measuring unit, and an unloading
position where the unloading arm performs unloading opera-
tion of a mask and a loading position where the loading arm
performs loading operation of a mask with respect to the
mask stage are set at different positions, and the apparatus
further comprising: a stage control unit that moves the mask
stage from the unloading position to the loading position 1n
between unloading operation of a mask from the mask stage
by the unloading arm and loading operation of a mask onto
the mask stage by the loading arm.

With this apparatus, the position measuring unit measures
the relative position between the mask and the loading arm
in a noncontact manner by the time a mask 1s loaded onto the
mask stage, and the control unit adjusts the positional
relation between the mask and the mask stage when loading
of the mask by the loading arm onto the mask stage is
performed, taking mto consideration measurement results of
the position measuring unit. That 1s, because the mask 1s
loaded onto the mask stage, taking into consideration the
relative positional relation between the mask and the loading
arm, the mask can be loaded onto the desired position on the
mask stage without any displacement. And, because the
pattern formed on the mask 1s transferred onto the photo-
sensifive object using the mask loaded onto the desired
position on the mask stage 1n the manner described above,
pattern transfer with high precision can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings;
FIG. 1 1s a view showing a general structure of an

exposure apparatus related to a first embodiment in the
present mvention;

FIG. 2 1s a planar view that shows a reticle carrier system
and 1ts periphery;
FIG. 3 1s a perspective view of a loading buifer extracted;

FIG. 4A1s a perspective view of a loading hand, and FIG.
4B 1s a perspective view of an unloading hand;

FIG. 5 1s a block diagram showing a control system of the
first embodiment;

FIGS. 6A to 6C are views (1°* version) for describing a
method of loading and unloading a reticle with respect to a
reticle stage;
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FIGS. 7A to 7C are views (2" version) for describing a
method of loading and unloading a reticle with respect to a
reticle stage;

FIG. 8 1s a planar view of a reticle stage and a reticle
carrier system 1n an exposure apparatus related to a second
embodiment 1n the present invention; and

FIG. 9 1s a planar view showing a conventional reticle
carriage mechanism.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

First Embodiment

A first embodiment of the present invention 1s described,
referring to FIGS. 1 to 7C.

FIG. 1 shows a partially broken view of an exposure
apparatus 10 related to the first embodiment. Exposure
apparatus 10 1s arranged 1n a clean room whose degree of
cleanliness 1s around class 100 to 1000. The inner space of
exposure apparatus 10 i1s dustproof to a high extent, and 1t
comprises an environmental chamber 12 where temperature
control 1s performed with high precision (hereinafter simply
referred to as ‘main body chamber 12°), an exposure appa-
ratus main body 30 arranged in main body chamber 12, a
reticle carrier system 32 provided 1n the vicinity of exposure
apparatus main body 30, and the like. The chemical clean-
liness degree 1s also maintained at a certain level within
main body chamber 12.

In the =Y end of main body chamber 12 (the left hand side
in FIG. 1), a low stepped section is made whose ceiling is
lower when compared with other sections. At this low
stepped section, a load/unload port 22 for mask containers 1s
arranged. Via this load/unload port 22, a ceiling carrier
system, which will be described later on, loads or unloads
reticles serving as masks with respect to main body chamber
12 1n a state where the reticles are housed 1n a reticle carrier
28. On the ceiling of the clean room at a position substan-
tially above load/unload port 22, a guide rail Hr, which 1s a
track of a ceiling carrier system 26 (hereinafter referred to as
‘OHV’) called OHV (Over Head Vehicle) or OHT (Over
Head Transfer) that carries the reticles housed in a reticle
carrier, 1s built (laid), extending in an X-axis direction.

As reficle carrier 28 1n this case, as an example, a SMIF
(Standard Mechanical Interface) pod is used, which is a
bottom-open type sealed container that can house a plurality
of reticles spaced apart at a predetermined interval in the
vertical direction.

Exposure apparatus main body 30 comprises an illumi-
nation unit ILU that 1lluminates a reticle R with a pulsed
ultraviolet light from a light source (not shown) provided
outside main body chamber 12, a reticle stage RST serving
as a mask stage that holds reficle R, a projection optical
system PL that projects an illumination light (pulsed ultra-
violet light) outgoing from reticle R onto wafers W1 and W2
serving as photosensitive objects, wafer stages WST1 and
WST2 that hold waters W1 and W2, respectively, and the
like. And, exposure apparatus main body 30 further com-
prises a main body 36 or the like that holds parts such as a
part of 1llumination unit ILU, reticle stage RST, projection
optical system PL, and wafer stage WST.

As 1s disclosed 1n, for example, Japanese Patent Appli-
cation Laid-open No. H01-259533 (corresponding U.S. Pat.

No. 5,307,207), illumination unit ILU comprises an illumi-
nation system housing 40, and an illumination optical sys-
tem arranged inside illumination system housing 40 1n a
predetermined positional relationship that has a variable
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attenuator, a beam shaping optical system, an optical inte-
grator (such as a fly-eye lens, an internal reflection type
integrator, or a diffractive optical element), a condenser
optical system, a vibration mirror, an illumination system
aperture stop plate, a relay lens system, a reticle blind, a
main condenser lens, a mirror, a lens system, and the like.
And, i1llumination unit ILU illuminates a predetermined
illumination area (a slit shaped or a rectangular shaped area
that extends linearly in the X-axis direction) on reticle R
held on reticle stage RST with a unmiform illuminance
distribution. The rectangular slit shaped illumination light
irradiated on reticle R 1s set so that it narrowly extends in the
X-axis direction (non-scanning direction) in the center of a
circular projection field of projection optical system PL 1n
FIG. 1, and the width of the illumination light in a Y-axis
direction (scanning direction) is set substantially constant.

Main body 36 comprises a plurality of support members
42 (in this case, three) provided on a base plate BP, a barrel
supporting platform 46 supported substantially horizontal
via vibration 1solation units 44, which are fixed on the upper
end of each of the support member 42, suspension columns
48 suspending from the lower surface of barrel supporting
platform 46, and support columns 352 provided on barrel
supporting platform 46.

Vibration 1solation units 44 are structured, for example,
including air mounts whose internal pressure can be adjusted
and voice coil motors that are arranged in serial (or in
parallel) on the upper end of each of the support members
42. Such vibration 1solation units 44 insulate subtle vibration
from a floor surface F, which travels to barrel supporting
platform 46 via base plate BP and support members 42, at a
micro-G level.

Barrel supporting platform 46 1s built from a casting or the
like, and in the center in a planar view (when viewed from
above), a circular opening is formed where projection opti-
cal system PL 1s inserted from above, with its optical axis
direction serving as a Z-axis direction. On the outer periph-
ery of the barrel section of projection optical system PL, a
flange FLLG 1s provided integral with the barrel section, and
projection optical system PL 1s attached to barrel supporting,
platform 46 via flange FLG.

Suspension columns 48 comprise a waler base supporting,
platform 54, and a plurality of suspension members 56 (in
this case, three) that support wafer base supporting platform
54 by suspension almost horizontally.

In addition, support columns 52 comprise legs 58 (for
example, three legs) that are arranged on the upper surface
of barrel supporting platform 46 enclosing projection optical
system PL, and a reticle base supporting platform 60, which
1s supported 1n a substantially horizontal manner by these
legs 58. In addition, on the upper surface of barrel support-
ing platform 46, a support member (not shown) is provided
that supports a part of 1llumination unit ILU from under-
neath.

Reticle stage RST 1s arranged on reticle base supporting,
platform 60, which structures support columns 52. Reticle
stage RST 1s driven by a reticle stage drive system 62 (not
shown in FIG. 1, refer to FIG. §), which includes parts such
as a linear motor, and reticle stage RST 1s made so that it can
linearly drive reticle R with large strokes in the Y-axis
direction on reticle base supporting platform 60, and can
also finely drive reticle R 1n the X-axis direction and the 0z
direction (the rotational direction around the Z-axis).

The position of reticle stage RST within an XY plane
(including Oz rotation, which is rotation around the Z-axis)
1s detected with a reticle laser interferometer 64 fixed on
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reticle base supporting platform 60 via a movable mirror 79
arranged on a part of reticle stage RST, at a resolution of 0.5
to 1 nm. In actual, as 1s shown 1n FIG. 2, Y-axis movable
mirrors 79Y, and 79Y, consisting of a pair of corner cubic
mirrors (retroreflector) are arranged on the upper surface of
reticle stage RST on the +Y side end, and on the +X side end,
an X-ax1s movable mirror 79X consisting of a planar mirror
1s provided extending along the Y-axis direction. In addition,
corresponding to these mirrors, a pair of Y-axis laser inter-
ferometers that are used for measuring the position in the
Y-axis direction and an X-axis laser interferometer that 1s
used for measuring the position 1n the X-axis direction are
provided, respectively, although not shown. From this
description, the movable mirror and the interferometer pro-
vided are obviously in plurals, however, 1n FIG. 1, these are
representatively shown as movable mirror 79 and refticle
laser interferometer 64.

Incidentally, for example, the edge surface of reticle stage
RST can be mirror polished 1mn order to form reflection
surfaces (that correspond to movable mirror 79X, and 79Y,
and 79Y,). In addition, the reticle interferometer may irra-
diate a laser beam onto a reflection surface provided on the
lower surface of reticle stage RST and a reflection surface
arranged on barrel supporting platform 46 where projection
optical system PL 1s mounted, and the relative position of
projection optical system PL in the optical axis direction (the
Z-axis direction) may be detected. When the detection is
performed, by detecting the relative position 1n the Z-axis
direction at a plurality of points within the XY plane and
adding the positional information of reticle stage RST 1in the
Z-axi1s direction, inclination information with respect to the
XY plane (that is, at least either the rotational amount around

the X-axis or the rotational amount around the Y-axis) may
be obtained.

The positional information (or velocity information) of
reticle stage RST (or, in other words, reticle R) measured by
reticle laser interferometer 64 1s sent to a main controller 50
(refer to FIG. 5). Main controller 50 basically controls
reticle stage drive system 62 so that the positional informa-
tion (or velocity information) output from reticle laser
interferometer 64 coincides with instructed values (target
position and target velocity).

As projection optical system PL, in this case, a dioptric
system 1s used whose reduction magnification 1s %, %5, or V6
consisting of only refracting optical elements (lens
elements) made from glass materials such as quartz or
fluorite, and the system 1is telecentric on both the object
plane (reticle R) and the image plane (wafer W1 (or W2))
sides having a circular projection view. Therefore, when a
pulsed ultraviolet light 1s 1rradiated on reticle R, the imaging
beam outgoing from the part irradiated with the pulsed
ultraviolet light 1n the circuit pattern area on reticle R enters
projection optical system PL and a partially inverted image
of the circuit pattern 1s formed limited 1n a slit or a
rectangular (polygonal) shape in the center of the circular
field on the 1mage plane side of projection optical system PL
cach time the pulse 1rradiation of the pulsed ultraviolet light
occurs. In this manner, the partially inverted 1mage of the
projected circuit pattern 1s reduced and transferred onto a
shot area among a plurality of shot areas on wafer W1 (or
W2) arranged on the image forming plane of projection
optical system PL, onto its resist layer, which 1s the shot areca
surface.

On both sides in the Y-axis direction (one side and the
other side) of projection optical system PL, a pair of
alienment systems ALG1 and ALG2 that have the same
function based on an off-axis method serving as a mark
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detection system are arranged, each at a position equally
apart from the optical axis of projection optical system PL
(substantially coinciding with the projection center of the
reticle pattern image).

As alignment systems ALG1 and ALG2, in the
embodiment, an alignment sensor of an FIA (Field Image
Alignment) system 1s used that is a type of an image forming
alignment sensor based on an 1mage processing method.
These alignment systems ALG1 and ALG2 are structured
including parts such as a light source (for example, a
halogen lamp) and an image forming optical system, an
index plate on which mmdex marks serving as a detection
reference are formed, and an 1maging device (CCD). In
these alignment systems ALLG1 and ALG2, marks subject to
detection are 1lluminated with a broadband light from the
light source, and then the CCD receives the reflection light
from the vicinity of the marks via the image forming optical
system and the index. In this case, the image of the marks 1s
formed on the imaging plane of the CCD along with the
index 1mage. And, by performing a predetermined process-
ing on the picture signals (imaging signals) from the CCD,
the position of the marks are measured with reference to the
center of the index mark which 1s the detection reference
point.

It 1s a matter of course, that the alignment sensor used 1s
not limited to the FIA system, and an alignment sensor that
detects scattered light or diffracted light generated from an
object mark when a coherent detection light 1s 1rradiated on
the object mark, or an alignment sensor that performs
detection by making the two diffracted beams (for example,
of the same order) generated from the object mark interfere
with each other can be used alone, or appropriately com-

bined.

In the embodiment, alignment system ALGI 1s used for
measuring the position of alignment marks on the water held
on wafer stage WST1, fiducial marks formed on a fiducial
mark plate, or the like. In addition, alignment system ALG2
1s used for measuring the position of alignment marks on the
waler held on water stage WST2, fiducial marks formed on
a fiducial mark plate, or the like.

Water stages WST1 and WST2 are arranged on wafer
base supporting platform 54, which structures suspension
columns 48 referred to earlier, and the stages are freely
driven within the XY plane by a wafer stage drive system 66
(not shown in FIG. 1, refer to FIG. §) that includes parts such
as a linear motor.

On the upper surfaces of wafer stages WST1 and WST2,
walers W1 and W2 are fixed by vacuum chucking or the
like, respectively, via wafer holders (not shown). In addition,
on the upper surfaces of wafer stages WST1 and WST2, X
movable mirrors consisting of planar mirrors extending in
the Y-axis direction are provided on one end 1n the X-axis
direction, and Y movable mirrors consisting of planar mir-
rors extending 1n the X-axis direction are provided on one
end 1n the Y-axis direction. In FIG. 1, however, these mirrors
are representatively shown as movable mirror 70 and mov-
able mirror 170. Incidentally, the edges of wafer stages
WST1 and WST2 may be mirror polished, in order to make
the reflection surfaces (corresponding to the above X mov-
able mirrors and Y movable mirrors).

In addition, on both sides (one side and the other side) of
projection optical system PL in the Y-axis direction below
barrel supporting platform 46, waler Y-axis interferometers
72 and 172 are provided for detecting the position of wafer
stages WST1 and WST2 1n the Y-axis direction. In addition,

on the —X side of projection optical system PL below barrel
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supporting platform 46, a wafer X-axis interferometer 77
(not shown in FIG. 1, refer to FIG. §) is provided for
detecting the position of wafer stages WST1 and WST2 1n
the X-axis direction. These interferometers 72, 172, and 77
emit laser beams generated by a laser head (not shown)
arranged on the upper surface of barrel supporting platform
46 toward movable mirrors 70 and 170, via a relay optical
system (not shown) made up of a beam splitter, a mirror, and
the like arranged within barrel supporting platform 46.

Although 1t 1s omitting 1n the drawings, waler Y-axis
interferometers 72 and 172 have length measuring axes that
pass through the optical axis of projection optical system PL
and the optical axes of alignment system ALG1 and ALG2.
In addition, water X-axis interferometer 77 has a length
measuring axis that 1s perpendicular with each length mea-
suring axis of wafer Y-axis interferometers 72 and 172 and
the optical axis of projection optical system PL, a length
measuring axis that 1s perpendicular with the optical axis of
alignment system AILLG1, and a length measuring axis that 1s
perpendicular with the optical axis of alignment system
ALG2. Due to such an arrangement, the position of wafer
stages WST1 and WST2 can be measured without the
so-called Abbe error occurring 1n both cases when exposure
1s performed using projection optical system PL and when
waler alignment using alignment system ALGI1 or ALG2 1s
performed.

In the embodiment, X-axis and Y-axis interferometers are
multi-axis interferometers that each have a plurality of
length measuring axes, and besides the rotational amount of
wafer stage WST in the 0z direction (yawing amount), the
rotational amount in the 0x direction (pitching amount) and
the rotational amount in the Oy direction (rolling amount)
can also be detected. In addition, the multi-axis interferom-
cter may detect relative information related to the position in
the optical axis direction (the Z-axis direction) of projection
optical system PL, by irradiating a laser beam on a reflection
surface arranged on barrel supporting platform where pro-
jection optical system PL 1s mounted via a reflection surface
arranged on a wafer table WTB at an inclination of 45°. On
such detection, the relative position 1n the Z-axis direction of
a plurality of points 1n the XY plane may be detected, and
in addition to the positional information of wafer table WTB

in the Z-axis direction, inclination information with respect
to the XY plane may also be obtained for wafer table WTB.

As 1s shown 1n FIG. 1, reficle carrier 28 comprises a
carrier main body 74 that has a plurality of housing shelves
(such as six shelves) integrally provided for housing reticles
in the vertical direction at a predetermined spacing, a cover
76 that fits into carrier main body 74 from above, and a lock
mechanism (not shown) provided on the bottom wall of
carrier main body 74 that locks cover 76.

Corresponding to the structure of reticle carrier 28, an
opening 78, which 1s slightly larger than carrier main body
74 of reticle carrier 28, 1s provided 1n load/unload port 22
where reticle carrier 28 1s loaded.

Opening 78 1s normally closed with an open/close mem-
ber 82 that makes up an open/close device 80 shown 1n FIG.
1. Open/close member 82 comprises a lock operating
mechanism (not shown), which engages with the bottom
surface of carrier main body 74 of reticle carrier 28 carried
into load/unload port 22 by vacuum chucking or mechanical
connection, as well as releases the lock mechanism (not
shown) provided in carrier main body 74.

Open/close device 80 comprises open/close member 82, a
drive shaft 84 whose axis direction 1s the Z-axis direction

and has open/close member 82 fixed on its upper end
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surface, and a drive mechanism 86 that drives drive shaft 84
in the vertical direction (the Z-axis direction). The lock
operating mechanism of open/close member 82 in open/
close device 80 releases the lock mechanism, and also after
it engages carrier main body 74, it moves open/close mem-
ber 82 downward by a predetermined amount so that carrier
main body 74 holding a plurality of reticles can be detached
from cover 76 in a state where the inside of main body
chamber 12 1s secluded from the outside. This open/close

device 80 operates under the control of main controller 50
(refer to FIG. §).

On the +Y side of open/close device 80 1n main body
chamber 12, an articulated robot (hereinafter just referred to
as ‘robot’) 88 is disposed. Robot 88 comprises an arm 90
that stretches out and rotates freely within the XY plane, and
a drive section 92 for driving arm 90. Robot 88 1s mounted
on the upper surface of a shider 96, which has a sectional
shape 1n the XZ plane resembling the letter L and vertically
moves along a strut guide 94 provided extending in the
Z-axis direction. Accordingly, arm 90 of robot 88 can move
vertically, in addition to extending/contracting and rotating
within the XY plane. Since the structure or the like of robot
88 1s the same as a loading unit 39, which will be described
later, a detailed description on the structure will be made
then. In addition, the vertical movement of slider 96 1s
driven by a Z-axis liner motor 98 (refer to FIG. §) consisting
of a mover (not shown) provided integrally to slider 96 and
a stator (not shown) provided inside strut guide 94 extending
in the Z-axis direction.

As 15 obvious when putting together FIGS. 1 and 2, strut
cuide 94 1s arranged above an X guide 100, which 1is
provided extending 1n the X-axis direction within main body
chamber 12. Strut guide 94 moves along X guide 100
integrally with a shider 102 fixed on its lower surface. That
is, a mover (not shown) 1s provided in slider 102, and a stator
(not shown) that makes up an X-axis linear motor 104 (refer
to FIG. §) with the mover is provided in X guide 100. And,
X-axis linear motor 104 drives robot 88 1n the Y-axis
direction, integrally with strut guide 94.

In the embodiment, drive section 92 of robot 88, Z-axis
linear motor 98, X-axis linear motor 104, and the like
operate under the control of main controller 50 (refer to FIG.
5).

In between robot 88 and exposure apparatus main body
30, reticle carrier system 32 serving as a mask carrier system

1s arranged. Hereinafter, reticle carrier system 32 will be
described 1n detail, referring to FIGS. 1 to §.

As 1s shown i1n FIG. 1, reticle carrier system 32 1s
provided on a carrier system supporting frame 75, which 1s
made up of a plurality of support members 23 and a carrier
system supporting plate 21 that has a rough L-shaped planar
view (when viewed from above) and is supported horizon-
tally by support members 23. As 1s shown m FIG. 2, an
X-axis measuring sensor Sx, which measures the relative
position of carrier system supporting plate 21 and reticle
base supporting platform 60 1n the X-axis direction, and
Y-axis measuring sensors Syl and Sy2, which measure the
relative position 1n the Y-axis direction, are provided on the
side wall of carrier system supporting plate 21 structuring
carrier system supporting frame 735 that faces reticle base
supporting platform 60. Of these sensors, by using the
measurement values of both Y-axis measuring sensors Syl
and Sy2, the relative position 1n the rotational direction
around the Z-axis can also be measured. The measurement
values of each of the measuring sensors are monitored at all
times by main controller 50.
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As 1s shown 1n FIG. 2, reficle carrier system 32 1s
provided close to the +X side end on carrier system sup-
porting plate 21, and 1t comprises a loading buffer 25 where
the reticles loaded onto reticle stage RST are temporary
mounted, a noncontact position measuring unit 45 provided
close to the —X side end of loading buffer 25, loading unit
39 that loads the reticles on reticle stage RST, an unloading
unit 41 that unloads the reticles from reticle stage RST, and
an unloading buffer 43 where the reticles unloaded from
reticle stage RST are temporary mounted.

As 1s shown 1n the exploded perspective view 1n FIG. 3,
loading buffer 25 comprises a table 27 that holds reticle R on
its upper surface side, and a rotation drive unit 29 that
rotationally drives table 27 mainly with a rotational shaft
(not shown) joined to the lower surface of table 27 in the

center.

As 1s shown 1n FIG. 3, 1n table 27, a contact type reticle
positioning unit 131 serving as a positioning unit made up of
five positioning pins 31a to 31e (refer to FIG. §), and three
reticle holding members 33a to 33¢ are provided.

Five positioning pins 31a to 31e that make up contact type
reticle positioning unit 131 are each made movable along
five grooves formed 1n table 27. Immediately after reticle R
1s mounted on reticle holding members 33a to 33¢ on table
27, all the positioning pins 31a to 31e move to their positions
shown 1n FIG. 3 (positioning position) under the control of
main controller 50 (refer to FIG. §) and are pushed against
the edge surfaces of reticle R. That 1s, mn this manner,
position of reticle R 1s mechanically set on reticle holding
members 33a to 33¢c. When this positioning 1s completed,
reticle holding members 33a to 33c hold reticle R by
suction, for example, by vacuum chucking. And, after reticle
R has been suctioned, all the positioning pins 31a to 3le
move from the positions shown 1n FIG. 3 to positions closer
to the outer periphery side of table 27 (positioning releasing
positions).

Rotation drive unit 29 includes parts such as a rotary
motor, and 1s structured so that i1t can rotationally drive table
27 around the Z-axis in at least a range of 90°. With loading
buffer 25, when reticle R 1s mounted on table 27, table 27
waits 1n the state shown in FIG. 2, and when reticle R 1s not
mounted on table 27, rotation drive unit 29 rotates table 27
from the state shown in FIG. 2 at an angle of 90° in the
direction indicated by arrow A, and then table 27 1s made to
wait 1n that state.

Noncontact position measuring unit 45 comprises a pair
of microscopes 37A and 37B, and an i1llumination unit 47
that wrradiates light from under microscopes 37A and 37B
with this noncontact position measuring umt 45, when
reticle R 1s moved to a position in between microscopes 37A
and 37B and illumination unit 47 while being held by a
loading arm 71 structuring loading unit 39, illumination unit
47 operates under control of main controller 50 and 1llumi-
nates reticle R from below. With this operation, a pair of
alignment marks formed on reticle R (not shown) is
observed by microscopes 37A and 37B, and based on the
observation results, an alignment controller 93 (refer to FIG.
§) calculates the positional error between the pair of align-
ment marks (not shown) and the detection center of each of
the microscopes 37A and 37B (for example, the center of the
imaging scope (observation area)), and the calculation
results are sent to main controller 50.

Loading unit 39 1s made up of an articulated robot that
comprises a loading arm drive section 67, and loading arm
71 driven by loading arm drive section 67 so that it can
swivel, extract/contract, and move vertically. The tip of
loading arm 71 1s made up of a loading hand 59.
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As 1s shown 1n the perspective view 1n FIG. 4A, loading
hand 39 comprises a right hand section 49A, a left hand
section 49B, and a hand operating mechanism 57 that
supports one end of both hand sections 49A and 49B 1n the
longitudinal direction (the Y-axis direction in FIG. 4A) and
drives them simultaneously 1n the open/close direction
(opposing directions in the X-axis direction). Right hand
section 49A has a hand main body S1A that has the above
one end 1nserted 1n a groove 57a formed on the edge surface
of the housing of hand operating mechanism on the +Y side,
a hook section 53 A fixed on the lower surface of hand main
body 51A near the center in the longitudinal direction, and
a stopper S5A fixed to the lower surface on the other end 1n

the longitudinal direction.

Hand main body 51A 1s made up of a rod shaped member
that has a shape bent inward at an angle of 90° at a position
to the one end side 1n the longitudinal direction, and closer
to the edge from the above position, the rod shaped member
is bent again in the longitudinal direction at an angle of 90°.

Hook section 53A 1s made up of a member whose
sectional shape in the XZ plane resembles the letter L,
shaped so that one end (the upper end) is fixed on the lower
surface of hand main body 51A, and somewhere near the
lower end, the member is bent inward at an angle of 90°. On
the upper surface of the lower end of hook section 33 A that
is bent, a vacuum chuck is provided (not shown).

Stopper 535A 1s made of an overall rod shaped member
whose upper end surface 1s fixed to the lower surface of hand
main body S1A and extends downward for a predetermined
length, and 1n its lower end section an extended section 1s
provided that turns gradually inward and has a smaller cross
sectional area than the other parts. The extended section of

stopper S5A 1s located slightly above the section that 1s bent
in hook section 53A.

Left hand section 49B has a hand main body 51B whose
shape 1s symmetrical to hand main body 51A, two hook
sections 33B and 33C that are fixed on both ends in the
longitudinal direction on the lower surface of hand main
body 51B, and a stopper 35B fixed to the lower surface of
hand main body 51B on the other end 1n the longitudinal
direction. Hook sections 33D and 33C are symmetrical to
hook section 53A. On the upper surfaces of the lower end of
hook sections 53B and S3C that are bent, vacuum chucks are
provided (not shown), respectively. Stopper SSB has a shape
symmetrical to stopper 55A.

According to the loading hand 59 having the structure
described above, hand operating mechanism 57 drives both
the left and right hands inward at the same time, and 1n a
closed state shown 1n FIG. 4A where both hand sections 49A
and 49B are closed, that 1s, when right hand section 49A
moves over to the —X side 1n FIG. 4A and left hand section
49B moves to the +X side 1n FIG. 4A, reticle R 1s supported
from below by the sections bent in hook sections 33A to
53C, and is also held by suction by the vacuum chucks (not
shown). In such a state, one edge surface of reticle R (in the
case in FIG. 4A, the edge surface on the +Y side) faces
stoppers S5A and 55B, and they prevent the position from
shifting, and 1n the worst case, prevent reticle R from falling

off.

Referring back to FIG. 2, unloading unit 41 1s disposed at
a position a predetermined distance away on the —X side and
a predetermined distance away on the +Y side from the
position where loading unit 39 1s disposed. Unloading unit
41 1s made up of an articulated robot that comprises an
unloading arm drive section 69, and unloading arm 73
driven by unloading arm drive section 69 so that 1t can
swivel, extract/contract, and move vertically.
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The tip of unloading arm 73 1s made up of an unloading
hand 61. As 1s shown 1n the perspective view 1n FIG. 4B,
unloading hand 61 comprises a hand operating mechanism
65, a first movable hand section 63B that can be driven back
and forth by hand operating mechanism 65 along a direction
perpendicular to the longitudinal direction (the X-axis direc-
tion in FIG. 4B), and a second movable hand section 63A
that can be driven back and forth by hand operating mecha-
nism 65 along the longitudinal direction (the X-axis direc-

tion in FIG. 4B).

The first movable hand section 63B comprises a first
movable hand main body 97 that has a shape resembling the
letter T in a planar view (when viewed from above) with a
projected section formed projecting in the —X direction 1n
FIG. 4B, near the center 1n the longitudinal direction, two
hook sections 33E and S3F whose upper end surfaces are
fixed to the lower surface of the first movable hand main
body 97 on both sides of the center 1n the longitudinal
direction, having the same structure as hook sections 33A to
S53C previously described, and stoppers S5C and 55D that
are provided on the lower surface of the first movable hand
main body 97 on both ends in the perpendicular direction
and have the same structure as stoppers 35A and 55B. The
sections that are bent on the lower end of hook sections 53E
and 53F face the opposite side of hand operating mechanism
65. The projected section of the first movable hand main
body 97 1s inserted into the housing of hand operating

mechanism 65, which drives the first movable hand main
body 97 along the X-axis direction 1n FIG. 4B.

The second movable hand section 63A comprises a slide
bar 95 that has one end in the longitudinal direction (the
direction perpendicular to the longitudinal direction in the
first movable hand main body 97) inserted into the housing
of hand operating mechanism 65 and 1s drivable along the
longitudinal direction, and a hook section 53D provided on
the other end (the end on the +X side in FIG. 4B) in the
longitudinal direction of slide bar 95. Hook section 53D has
the same structure as the previous hook sections 53A to 53C,
and the section that 1s bent on the lower end faces hook

sections 53E and 53F.

According to the unloading hand 61 having the structure
described above, hand operating mechanism 65 drives the
first and second movable hand sections 63B and 63A inward,
and 1n a closed state shown 1n FIG. 4B where the first and
second movable hand sections 63B and 63 A are closed, that
1s, when the first movable hand section 63B moves over to
the +X side 1n FIG. 45 and the second movable hand section
63A moves to the —X side 1n FIG. 4B, reticle R 1s supported
from below by the sections bent 1n hook sections 53D to 53F,
and 1s also held by suction by the vacuum chucks (not
shown). In such a state, surfaces on both sides of reticle R
(in the case 1n FIG. 4B, the edge surfaces on both the —Y side
and the +Y side) face stoppers 55C and 55D, and they
prevent the position from shifting, and 1n the worst case,
prevent reticle R from falling off.

Referring back to FIG. 2, unloading buffer 43 1s disposed
at a position a predetermined distance away on the -Y side
from the position where unloading unit 41 1s disposed,
where the reticles carried from reticle stage RST by unload-
ing unit 41 are temporarily mounted. This unloading buifer
43 1s structured including, for example, a rotary table, and
reticle holding members (not shown) provided on the rotary
table that are similar to reticle holding members 33a to 33c¢
provided in loading buffer 25 referred to earlier.

FIG. § briefly shows an arrangement of a control system
of exposure apparatus 10 in the embodiment. The control
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system 1s structured, centering on main controller 50 serving
as a control unit consisting of a workstation (or a
microcomputer). Besides the various controls performed by
main controller 50 that have been described so far, main
controller 50 also has overall control over the entire appa-
ratus.

Next, a series of operations related to the loading and
unloading of reticles to reticle stage RST by reticle carrier
system 32 or the like (reticle exchange) will be described,
referring to drawings such as FIGS. 1, 2, 6, and 7.

As a premise, a reticle R' 1s mounted on reticle stage RST,
and 1n exposure apparatus main body 30, exposure operation
1s to be performed, that 1s, the circuit pattern formed on
reticle R'1s to be sequentially transterred onto a plurality of
shot areas on wafer W1 or W2 1n a step-and-scan method.
The exposure operation based on the step-and-scan method
1s to be performed 1n the same manner as 1n a typical
scanning stepper.

During the above exposure operation, preparatory opera-
tions for exchanging the reticle 1s performed 1n a predeter-
mined procedure, and loading hand 59 at the tip of loading
arm 71 that make up loading unit 39 holds reticle R which
1s to be used 1n the next exposure, carries reticle R to a
loading waiting position above the loading position which
will be described later, and then waits at that position. In
addition, unloading hand 61 of unloading unit 41 is to be
waiting at the unloading waiting position above the unload-
Ing position.

The above preparatory operations for reticle exchange
follow the procedures a. to h. described below.

When preparatory operations for reticle exchange begins,
table 27 of loading buffer 25 faces the direction shown in
FIG. 2, and reficle R 1s held by suction on reticle holding
members 33a to 33c¢ provided on table 27. At this point,
positioning of reticle R has been mechanically performed on
reticle holding members 33a to 33¢ by the five positioning
pins 31a to 31e that make up contact type reticle positioning,
unit 131 described earlier in the description, and the posi-
tioning pins 3la to 3le are already withdrawn to their
positioning releasing positions.

a. First of all, main controller 50 swivels and expands/
contracts loading arm 71 of loading unit 39 via loading arm
drive section 67 so that loading hand 59 of loading unit 39
1s located above loading buffer 25. With this operation,
preparatory operations for reticle exchange begin.

b. Next, main controller 50 drives loading arm 71 downward
via loading arm drive section 67 so that left hand section
49B and right hand section 49A of loading hand 39 are
positioned below reticle R held on reticle holding members
33a to 33¢ with both hand sections located on the outer side
of reticle R.

c. Next, main controller S0 performs the closing operation of
both hand sections 49A and 49B via hand operating mecha-
nism 57 that has been described earlier, and at the same time
releases the suction of reticle R by reticle holding members
33a to Iic.

d. Next, main controller 50 begins the vacuum chucking by
the vacuum chucks (not shown) respectively provided on
hook sections 53A to 53C of loading hand 59, and also
drives loading arm 71 upward by a predetermined amount.
When reticle R 1s supported from below by hook sections
53A to 53C of loading hand 359 during the upward
movement, reticle R 1s held by suction at the same time.
Then, when loading arm 71 moves further upward, reticle R
1s separated from loading buffer 25 while being held by hook
sections S3A to 53C, thus reticle R 1s unloaded from loading

bufter 25.

10

15

20

25

30

35

40

45

50

55

60

65

16

¢. When main controller S0 confirms that reticle R has been
unloaded from loading buifer 25, i1t then rotationally drives
table 27 of loading butfer 25 via rotation drive unit 29 at an
angle of 90° 1n a direction A indicated by an arrow in FIG.
2. Then, table 27 waits 1n the above state until robot 88
brings the next reticle.

. In parallel with the operation e. described above, main
controller 50 slightly contracts loading arm 71 of loading
unit 39 so that reticle R held by loading hand 59 1s positioned
below microscopes 37A and 37B that make up noncontact
position measuring unit 48 (the state shown in FIG. 1). The
position of loading hand 59 at this point (including the
rotation within the XY plane) is measured with a measuring
unit (not shown), and the measurement results are stored in
memory (not shown) within main controller 50. Then, main
controller 50 detects the positional error between the pair of
alignment marks formed on reticle R (not shown) and the
detection center of each of the microscopes 37A and 373 (for
example, the center of the imaging scope (observation area))
via noncontact position measuring unit 45. The results of
this detection are stored in memory within main controller
50. Then, based on the above measurement results and
detection results, main controller 50 obtains information on
the positional relation (including rotation) between loading
hand 59 and reticle R, and the relative positional information
1s stored 1n memory.

o. Then, main controller 50 swivels and expands/contracts
loading arm 71 via loading arm drive section 67 so as to
move loading hand 59 that holds reticle R to the loading
waiting position shown in FIG. 2 above the loading position,
which 1s above reticle base supporting platform 60. Then,
loading hand 59 waits at this position.

h. In parallel with any of the above operations a. to g., main
controller 50 swivels and expands/contracts unloading arm
73 via unloading arm drive section 69 so as to move
unloading hand 61 to the unloading waiting position shown
in FIG. 2 above the unloading position. Then, unloading
hand 61 waits at this position.

Meanwhile, when exposure operation using reticle R
mounted on reticle stage RST 1s completed, main controller
50 moves reticle stage RST holding reticle R' from the
position where exposure has been completed 1n the -Y
direction toward the reticle unloading position. Main con-
troller 50 performs this movement of reticle stage RST, by
controlling reficle stage drive system 62 based on the
measurement values of reticle interferometer 64.

FIG. 6A shows the state of reticle stage RST while i1t 1s
being moved. When reticle stage RST moves further 1n the
-Y direction from the stage in FIG. 6 A, and 1s positioned at
the unloading position shown 1n FIG. 2, reticle exchange 1s
then performed, in the procedures 1. to 0., described below.
1. First of all, main controller 50 drives unloading hand 61
(unloading arm 73) waiting at the unloading waiting position
downward a predetermined amount via unloading arm drive
section 69, and then begins the closing operation of the first
and second movable hand sections 63B and 63A via hand
operating mechanism 65 and the vacuum chucking operation
by the vacuum chucks (not shown) provided in hook sec-
tions 53D to 53F. Prior to these operations, main controller
50 has released the suction of reticle R' to reticle stage RST.
1. Next, main controller 50 drives unloading arm 73 upward
a predetermined amount. With this operation, unloading
hand 61 1s driven upward, and during this upward
movement, reticle R' 1s supported from below by hook
sections 33D to 53F of unloading hand 61 and vacuum
chucked at the same time. Then, when unloading hand 61
moves slightly upward, reticle R' 1s separated from reticle
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stage RST by unloading hand 61, and 1s delivered to
unloading hand 61 from reticle stage RST. FIG. 6B shows

the state when the delivery of reticle R' 1s about to be
performed. Then, unloading hand 61 1s driven slightly
upward by main controller 50, and then withdrawn from
above reticle stage RST, and 1s moved toward unloading
buffer 43. That 1s, reticle R' 1s unloaded from reticle stage
RST 1n the manner described above.

k. When unloading hand 61 moves upward to a position
where 1t does not interfere with the movement of reticle

stage RST moving 1n the -Y direction as 1s shown 1n FIG.
6C, main controller 50 drives reticle stage RST 1n the -Y
direction a predetermined amount 1n order to position 1t at
the loading position. FIG. 7A shows a state of reticle stage
RST that has been driven in this manner and 1s positioned at
the loading position below loading hand 59, which 1s waiting
at the loading waiting position. At this point, unloading hand
61 is being driven toward unloading buffer 43 while holding
reticle R', after being withdrawn from above reticle stage
RST by main controller 50.

1. Then, when reticle stage RST 1s positioned at the reticle
loading position, main controller 50 begins the vacuum
chucking by the vacuum chucks (not shown) provided in a
holder 91 projecting on the upper surface of reticle stage
RST, and at the same time drives loading hand 59 downward
a predetermined amount via loading arm drive section 67
while controlling the position and rotation of loading hand
59 so that reticle R 1s mounted on reticle stage RST without
being displaced, based on the measurement results of non-
contact position measuring unit 45 referred to earlier stored
in memory (relative positional information between loading
hand 59 and reticle R) and the measurement results of
sensors Sx, Syl, and Sy2 (relative positional information
between carrier system supporting plate 21 and reticle base
supporting platform 60). While loading hand §9 is being
driven downward, the lower surface of reticle R being held
by loading hand §9 (the surface on the side where the pattern
is formed) is pushed into holder 91 provided on the upper
surface of reticle stage RST. Therefore, prior to this, main
controller 50 releases the suction of reticle R by hook
sections 53D to 33F of loading hand 59.

When loading hand 59 that holds reticle R moves slightly
lower than the position where the lower surface of reticle R
came 1nto contact with holder 91 1n the manner above,
reticle R 1s delivered onto reticle stage RST from loading
hand 59. FIG. 7B shows the state of reticle R, which 1s just
about to be delivered.

m. After the delivery of reticle R described above has been
performed, as 1s shown i FIG. 7C, main controller 50
performs the opening operation of both hand sections 49B
and 49A of loading hand 59 and moves loading arm 71
upward. With these operations, loading operation of reticle
R onto reticle stage RST 1s completed, and main controller
50 begins to move loading hand 59 toward loading buffer 25
in order to load the next reticle onto reticle stage RST.

n. In parallel with a part of the above 1. and m. operations,
main controller 50 moves unloading hand 61 to a position
above unloading buifer 43 indicated by an 1maginary line
(double-dotted line) in FIG. 2. Then, main controller 50
drives unloading hand 61 located above unloading buffer 43
downward via unloading arm drive section 69, and during
this movement, main controller 50 releases reticle R' from
the suction by unloading hand 61. Then, when unloading
hand 61 has been moved downward by a predetermined
amount, reticle R' 1s pushed into the reticle holding members
of unloading buffer 43, and by driving unloading hand 61
further downward, reticle R' 1s delivered to the reticle
holding members.
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0. Then, main controller 50 performs the opening operation
of the first and second movable hand sections 63B and 63A
via hand operating mechanism 65, and then moves unload-
ing hand 61 again toward the reticle unloading position.
Incidentally, after reticle R'1s delivered to the reticle holding
members, 1t 1s carried to reticle carrier 28.

In the above description, at the point where preparatory
operations for reticle exchange begins, reticle R was already
available on table 27 of loading buffer 25, however, 1n prior
to this, reticle R has to be carried from reticle carrier 28,

which has been carried into load/unload port 22, onto
loading buffer 235.

Hereimnafter, a procedure of carrying reticle R will be
briefly described.

First of all, for example, when OHV26 shown in FIG. 1
carries reticle carrier 28 in which a plurality of reticles (such
as 6) are housed into load/unload port 22, main controller S0
confirms the loading of reticle carrier 28 1nto load/unload
port 22, drives drive shaft 84 upward via drive mechanism
86 that structures open/close device 80, and engages open/
close member 82 with carrier main body 74 of reticle carrier
28 as well as releases the lock mechanism or reticle carrier
28 with the lock operating mechanism. Then, main control-
ler 50 drives drive shaft 84 downward a predetermined
amount via drive mechanism 86. With this operation, open/
close member 82 engaged with carrier main body 74 moves
downward a predetermined amount integrally with drive
shaft 84, and carrier main body 74 holding the plurality of
reticles 1s detached from cover 76 1n a state where the 1nside
of main body chamber 12 1s secluded from the outside. FIG.
1 shows a state where carrier main body 74 1s detached from
cover 76. At this point, robot 88 1s waiting at a position
substantially facing open/close device 80. Accordingly,
hereinafter, it 1s possible to carry the reticles 1n the reticle
carrier on loading buifer 235.

When carrying reticles in the reticle carrier onto loading
buffer 25, main controller 50 first of all inserts arm 90 via
drive section 92 of robot 88, for example, under reticle R
held 1n the bottom shelf of carrier main body 74, and then
drives robot 88 slightly upward, while at the same time
starting the vacuum chucking by the vacuum chucks 1in arm
90. With this operation, arm 90 supports reticle R from
below and holds it by suction.

Next, main controller 50 contracts arm 90 via drive
section 92 and takes out reticle R from carrier main body 74,
and then drives robot 88 upward until it reaches a position
near the position indicated by an 1maginary line 88' in FIG.
1. At this stage, since there are no reticles mounted on
loading buffer 25, loading buifer 25 1s waiting at a position
rotated 1n the direction indicated by arrow A at an angle of
90° from the state shown in FIG. 2.

Therefore, main controller 50 moves arm 90 of robot 88
holding reticle R above the waiting loading buffer 25, and
then drives arm 90 downward a predetermined amount.
During this movement, reticle R will be delivered to loading
buffer 25, and prior to this, main controller 50 releases the
suction of reticle R by arm 90. Then, when arm 90 has been
lowered a predetermined amount and reticle R has been
delivered from arm 90 onto reticle holding members 334 to
33c¢ on table 27, main controller 50 performs the opening
operation of both hands on the tip of arm 90 of robot 88 and
then withdraws robot 88 from loading buffer 25. Then, under
the control of main controller 50, table 27 1s rotated at an
angle 90° in the direction indicated by arrow B in FIG. 2 and
mechanical positioning by positioning pins 31a to 31e are
performed.

Meanwhile, when loading the reticle that 1s to be used
after reticle R 1n the next exposure and still further the next
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reticle to be used on reticle stage RST, reticle R needs to be
unloaded onto unloading buifer 43, and 1n order to do so,
reticle R' has to be returned into carrier main body 74 1n
advance. Therefore, main controller 50 carries reticle R' that
has been used from unloading buffer 43 1n a substantially
reversed procedure of the procedure for carrying reticles to
loading buffer 25 using robot 88 described above, and places
the reticle 1n the housing shelf of carrier main body 74 where
there are no reticles.

With exposure apparatus 10 1n the embodiment, reticle
exchange 1s performed 1n the manner described above, and
on reticle exchange, reticle R 1s loaded on reticle stage RST.
Following are the operations that are performed after such
loading.

More particularly, as soon as reticle R has been loaded
(immediately after the state shown in FIG. 7C), main
controller 50 drives reticle stage RST 1n the +Y direction and
moves 1t so that 1t 1s position above projection optical system
PL.

Next, main controller 50 sets various exposure conditions
for performing scanning exposure with an appropriate expo-
sure amount (target exposure amount) of each shot area on
waler W1, which 1s mounted on either of the wafer stages
(for example, wafer stage WST1), according to instructions
from an operator.

Next, main controller 50 detects both the alignment marks
of wafer W1 and the fiducial marks on watfer stage WST1
using, for example, alignment system ALGI1, moves wafer
stage WST1 to the exposure position from the alignment
position, and then detects the marks of reticle R (or the
fiducial marks on reticle stage RST) and the fiducial marks
on wafer stage WSTI using a reticle alignment system (not
shown), via projection optical system PL. On detection, fine
alignment of wafer W1 1s performed based on, for example,
an EGA method (Enhanced Global Alignment). That is,
based on the measurement results of alignment system
ALGI1 (positional information of each mark on an orthogo-
nal coordinate system (an alignment coordinate system),
which is set by X-axis interferometer 77 (especially the
length measuring axis orthogonal to the optical axis of
alignment system ALLG1) and Y-axis interferometer 72) and
the measurement results of the reticle alignment system
(positional information on an orthogonal coordinate system
(an exposure coordinate system), which is set by X-axis
interferometer 77 (especially the length measuring axis
orthogonal to the optical axis of projection optical system
PL) and Y-axis interferometer 72), arrangement coordinates
of all the areas where the pattern of reticle R 1s to be
transterred are calculated. In the embodiment, the arrange-
ment coordinates of each shot area on the alignment coor-
dinate system obtained by the EGA method are corrected
using the measurement results of the reticle alignment
system, that is, they are converted to arrangement coordi-
nates on the exposure coordinate system. The arrangement
coordinates of each shot area, however, may also be calcu-
lated by the EGA method, based on the coordinates of each
mark on the exposure coordinate system that are obtained by
correcting the measurement results of alignment system
ALG]1 using the measurement results of the reticle align-
ment system.

Details on the reticle alignment system and reticle align-

ment using the system are disclosed in, for example, Japa-
nese Patent Application Laid-open No. HO7-176468 and the

corresponding U.S. Pat. No. 5,646,413. In addition, details
on EGA that follows reticle alignment are disclosed in, for
example, Japanese Patent Application Laid-open No. S61-

44429 and the corresponding U.S. Pat. No. 4,780,617. As
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long as the national laws 1n designated states or elected
states, to which this international application 1s applied,
permit, the above disclosures of the Japanese Patent Appli-
cation and the U.S. Patent are incorporated herein by refer-
ence.

When preparatory operations for exposing waler W1 are
completed 1n the manner above, main controller S0 proceeds
with waler exchange on the other stage WST2 and fine
aligcnment using alignment system ALLG2, and then puts
waler stage WST2 1n waiting.

Then, when pattern transfer on waler W1 on wafer stage
WST1 1s completed, main controller S0 moves wafer stage
WST1 to the wafer exchanging position and also moves
waler stage WST2 so that it 1s positioned under projection
optical system PL and exposure of water W2 on wafer stage
WST2 1s performed. As a matter of course, during the
exposure, waler exchange and wafer alienment i1s being
performed on wafer stage WSTI.

Details on the parallel processing similar to the ones
performed 1n the embodiment on the two waler stages are
disclosed 1n, for example, Japanese Patent Application Laid-
open No. H10-214783 and the corresponding U.S. Pat. No.
6,341,007. As long as the national laws 1n designated states
or clected states, to which this international application is
applied, permit, the above disclosures of the Japanese Patent
Application and the U.S. Patent are incorporated herein by
reference.

Then, when reticle exchange becomes necessary, the
preparatory operations for reticle exchange previously
described are performed under projection optical system PL
in the manner described above, 1n parallel with the continu-
ous exposure operation performed on the wafer.

As 15 obvious from the description so far, in the
embodiment, main controller 50 structures a control unit and
a stage control unit. However, the present invention 1s not
limited to this, and the control unit and the stage control unit
may be structured of a controller provided separately from
main controller 50, or furthermore, they may naturally be
structured from separate hardware.

As 1s described 1n the description above, with exposure
apparatus 10 1in the embodiment, reticle carrier system 32 1s
mounted on carrier system supporting frame 75, which 1s
separate from main body 36 structuring exposure apparatus
main body 30 where reticle stage RST 1s mounted and
pattern transfer (exposure) i1s performed, and reticle carrier
system 32 performs loading of reticles onto reticle stage
RST, as well as unloading of reticle from reticle stage RST.
Therefore, even when reticle carrier system 32 performs the
preparatory operations for reticle exchange that has been
previously described while the pattern transferring
operation, or in other words, exposure 1s being performed on
the exposure apparatus main body 30 side including main
body 36, there are no risks for the operation of reticle carrier
system 32 to become the cause of vibration 1n main body 36.
Accordingly, by the parallel processing of the exposure
operation and the preparatory operations for reticle
exchange, throughput can be 1mproved while maintaining
the pattern exposure accuracy, or 1n other words, the expo-
sure accuracy, compared with when exposure operation and
reticle exchange operation are sequentially performed.

In addition, with exposure apparatus 10 1in the
embodiment, measuring sensors Sx, Syl, and S2 for mea-
suring the relative position between main body 36 and
carrier system supporting frame 75 and noncontact position
measuring unit 45 for measuring the relative position
(including Oz rotation) between the reticle and loading arm
71 (or to be more accurate, loading hand 59) in a noncontact
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manner while the reticle 1s being loaded onto reticle stage
RST are provided. And main controller 50 adjusts the
positional relationship between the reticle stage and the
reticle when loading the reticle onto reticle stage RST,
taking 1nto consideration the measurement results of mea-
suring sensors Sx, Syl, and S2, and the measurement results
of noncontact position measuring unit 43.

That 1s, because reticle carrier system 32 and main body
36 are made separate in order to prevent the operation of
reticle carrier system 32 become the cause of vibration in
main body 36, there may be cases when the positional
relationship between main body 36 and carrier system
supporting frame 75 change. However, 1in the embodiment,
as 1s described above, because main controller 50 adjusts the
positional relationship between the reticle stage and the
reticle when loading the reticle on reticle stage RST, taking
into consideration the measurement results of measuring
sensors Sx, Syl, and S2, and the measurement results of
noncontact position measuring unit 45, the reticle can be
loaded on a desired position on reticle stage RST without
being affected by the change in the positional relationship
between main body 36 and carrier system supporting frame
75, and moreover, the reticle can be loaded onto a desired
position on reticle stage RST without displacement, based
on the measurement of noncontact position measuring unit
45 on the relative position between the reticle and loading
arm 71 (or to be more accurate, loading hand 59), or in other
words, the pre-alignment results of the reticle. In addition,
because the reticle 1s loaded directly on reticle stage RST
after the pre-alignment of the reticle by noncontact position
measuring unit 435, that 1s, the reticle 1s delivered only once
after pre-alignment, displacement of the reticle that occurs
on delivery of the reticle can be effectively suppressed.
Accordingly, the displacement that occurs between reticle
and reticle stage RST when loading the reticle onto the
reticle stage can almost completely be resolved.

In addition, with exposure apparatus 10 1n the
embodiment, reticle carrier system 32 comprises loading
arm 71 used only for loading the reticle on reticle stage RST,
and 1ndependent from loading arm 71, 1t also comprises
unloading arm 73 used only for unloading the reticle from
reticle stage RST. And, on reticle exchange, the following
exchange sequence 1s executed under the control of main
controller 50. More particularly, when reticle stage RST
holding the reticle 1s at the predetermined unloading
position, unloading arm 73 separates the reticle from reticle
stage RST, and at some point after the separation, such as the
instant the reticle 1s separated or immediately after, reticle
stage RST 1s moved from the unloading position to the
predetermined loading position, and at the loading position,
loading arm 71 loads the reticle on reticle stage RST 1n prior
to the complete withdrawal of unloading arm from the
unloading position. Accordingly, the downtime 1n between
the unloading of the reticle from reticle stage RST by
unloading arm 73 and the loading of the reticle by loading
arm 71 (corresponds to the conventional waiting time pre-
viously described) i1s reduced, which reduces the time
required for reticle exchange, and also from this viewpoint,
the throughput can be improved.

Furthermore, with exposure apparatus 10 1in the
embodiment, coupled with the above various effects, the

simultaneous parallel processing executed on the two wafer
stages WST1 and WST2 allows high throughput to be

achieved.

In the above embodiment, the case has been described
where the exposure apparatus comprises both measuring,
sensors Sx, Syl, and S2 for measuring the relative position
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between main body 36 and carrier system supporting frame
75 and noncontact position measuring unit 45 for measuring
the relative position (including 0z rotation) between the
reticle and loading arm 71 1n a noncontact manner, however,
the present 1nvention 1s not limited to this. That 1s, the
exposure apparatus 1n the present invention may comprise
only the measuring sensors for measuring the relative posi-
fion between main body 36 and carrier system supporting
frame 75. Even in such a case, with the control unit adjusting
the positional relationship of the mask (reticle) and mask
stage upon loading, taking into consideration the measure-
ment values of the measuring sensors, the mask carrier
system and the main body can be separated to prevent the
operation of the mask carrier system from being the cause of
vibration 1n the main body, and the loading of the mask onto
the mask stage can also be performed with good accuracy
without being affected by the change in the positional
relationship between the main body and mask carrier sys-
tem. In the case the change i1n the positional relationship
between the main body and mask carrier system 1s to be
corrected later on, the measuring sensors do not have to be
provided. Even 1n such a case, 1t 1s possible to prevent the
operation of the mask carrier system from being the cause of
vibration in the main body; therefore, preparatory operations
for mask exchange can be performed during exposure.

Or, the exposure apparatus 1n the present invention may
only comprise the above noncontact position measuring unit
without comprising the measuring sensors. Even in such a
case, because the number of deliveries of the mask after
pre-alignment 1s reduced, the displacement that occurs due
to delivery can be effectively suppressed.

In addition, 1in the above embodiment, the case has been
described where reticle carrier system 32 comprises both
loading arm 71 and unloading arm 73, however, the present
invention 1s not limited to this. For example, the mask carrier
system may comprise a carrier arm that performs both
loading and unloading. Even 1n such a case, by separating
the main body and the carrier system supporting frame, it 1s
possible to prevent the operation of the mask carrier system
from being the cause of vibration 1n the main body, and to
also perform preparatory operations for mask exchange 1n
parallel with the exposure operation.

In addition, 1n the above embodiment, the case has been
described where the main body and carrier system support-
ing frame are arranged separately, however, the present
invention 1s not limited to this, and the mask carrier system
may be mounted on the main body. Even 1n such a case, by
employing the mask exchange sequence described above
where the unloading arm separates a mask from the mask
stage when the mask stage holding the mask 1s at the
unloading position, and at the same time or 1immediately
after the separation, the mask stage moves from the unload-
ing position to the loading position and at the loading
position the loading arm loads a mask on the mask stage, the
downtime between the unloading of the mask from the mask
stage by the unloading arm and the loading of the mask by
the loading arm can be reduced, therefore, the time required
for mask exchange can be reduced.

In addition, even 1n the case where the mask carrier
system 1s mounted on the main body, if the exposure
apparatus comprises the above noncontact position measur-
ing unit, the number of deliveries of the mask after pre-
alignment 1s reduced, therefore, the displacement that occurs
due to delivery can be effectively suppressed.

In addition, in the above embodiment, as the loading arm
and unloading arm, the arm of an articulated robot has been
used. This 1s because parts such as the loading buffer, the
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unloading buffer, and the reticle stage can be arranged at any
position as long as 1t 1s within the moving range of the arm,
and the result of taking 1nto consideration such flexibility 1n
arrangement. However, depending on the layout of each
section 1n the mask carrier system, for example, a straight
movement type carrier system that moves along one direc-
fion within a horizontal plane and also movable in the
vertical direction may be used, or an articulated robot and a
straight movement type carrier system may be used together.

In the above embodiment, when the reticle 1s loaded on
reticle stage RST or the reticle 1s unloaded from reticle stage
RST, the loading arm or the unloading arm i1s moved
vertically. The present invention, however, 1s not limited to
this, and 1 order to deliver the reticle, the section on which
the reticle 1s mounted on reticle stage RST and the arms may
both move relatively 1n the vertical direction. That 1s, the
section actually performing the vertical movement may
cither be the reticle stage or the arms. In this case, not only
may the reticle stage itself move vertically, but also, for
example, the reticle holder of the reticle stage may be moved
vertically.

Furthermore, when reticle R 1s mounted on reticle stage
RST, the displacement of reticle R 1s controlled by control-
ling the position and rotation of loading hand 59, however,
instead of or combined with loading hand 59, at least either
the position or rotation of reticle stage RST may be con-
trolled.

In addition, 1n the above embodiment, the case has been
described where the exposure apparatus comprises the load-
ing buffer and unloading buffer separately. The present
imvention, however, 1s not limited to this, and a buffer that
can stock a plurality of reticles that can be taken 1n and out
can be used as a common bulffer for loading/unloading. As
a matter of course, the loading buffer and the unloading
buffer may each be buffers that can stock a plurality of
reticles. Furthermore, in FIGS. 1 and 2, a storage shelf the
can house a plurality of reticles may be arranged in between
carrier main body 74 and reticle stage RST (loading buffer
25 or unloading buffer 43), and in this case, the reticles
housed 1n a plurality of reticle carriers 28 can all be stored
together 1n the storage shelf. Therefore, for example, 1n a
device manufacturing process that requires usage of reticles
exceeding the number of reticles that can be housed in a
single reticle carrier, by storing the required number of
reticles 1n the storage shelf all together, the time required for
reticle exchange can be reduced, and the throughput can be
improved.

In the above embodiment, the case has been described
where a SMIF multi-pod (that houses six reticles) is used as
the reticle carrier. The present invention, however, 1s not
limited to this, and a single pod (houses one reticle), or a
front opening unified pod (FOUP) type reticle carrier (mask
container) may also be used.

In addition, the carrier system that carries the reticles in
the above embodiment 1s a mere example, and the present
invention 1s not limited to this and can employ any arrange-
ment. For example, a carrier system that carries the reticles
in between carrier main body 74 (or the storage shelf
described earlier) and reticle stage RST may be employed
without robot 88 and loading buffer 25 being provided. In
addition, the OHV does not necessarily have to be used, and
the operator can perform the reticle exchange manually. In
addition, contact type reticle positioning unit 131 does not
have to be provided in loading buffer 25.

In addition, in the above embodiment, the case has been
described where the exposure apparatus comprises a single
reticle stage, however, the exposure apparatus 1n the present
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invention may comprise two reticle (mask) stages that are
movable independently. In such a case, reticle (mask) carrier
system 32 may be provided in each retile stage. In such a
case, the loading position and unloading position for each
reticles stage are preferably set on the opposite sides in the
scanning direction via the projection optical system. With
this arrangement, by performing the preparatory operations
for reticle stage with one of the carrier system during the
exposure operation, reticle exchange can be performed
smoothly to either of the reticle stages as soon as the
exposure operation 1s completed in the exchanging sequence
previously described. In addition, 1n the case an appropriate
reaction force cancel mechanism 1s employed together 1n
order to prevent the movement operation of one reticle stage
to be the cause of vibration in the other stage or 1n the main
body, 1t becomes possible to perform the reticle exchange
previously described on the other stage, while the exposure
operation 1s being performed on one stage.

In addition, 1n the description of the above embodiment,
although there were no specific references, in the case where
a reticle stage 1s used that can have only one reticle mounted
at a time, as in reticle stage RST, depending on the setting,
of the distance between the position above projection optical
system PL where exposure 1s performed and the loading/
unloading position where reticle exchange 1s performed, or
on the setting of the distance between the unloading position
and loading position, the mterferometer measuring the posi-
tion of reticle stage RST in the non-scanning direction may
require a change over when the reticle stage 1s moving 1n
between the above positions, and 1n exposure apparatus 10
in the above embodiment, exposure apparatus 10 preferably
has an arrangement where such change over in the interfer-
ometer 1s performed by main controller 50. However, when
such an arrangement 1s employed, an interferometer system
for measuring the position of the reticle stage has to be
newly built, and the arrangement of the control system
becomes complicated due to the above change over 1n the
interferometer. The following second embodiment was
made, from reviewing such points.

Second Embodiment

Next, an exposure apparatus related to a second embodi-
ment of the present mvention 1s described, referred to FIG.
8. The same reference numerals will be used 1n this embodi-
ment for the parts that are the same or equivalent to those
described 1n the first embodiment, and the description there-
about will be briefly made or entirely omitted. Instead of
reticle stage RST 1n exposure apparatus 10 in the first
embodiment previously described, the exposure apparatus in
the second embodiment employs a reticle stage based on a
double reticle holder method that can have two reticles
mounted at the same time, and due to this arrangement, a
part of the operations for reticle exchange and exposure 1s
different from the first embodiment. Other parts are the same
as the first embodiment; therefore, the following description
will focus on the difference.

FIG. 8 shows a planar view of a reticle stage RST' and
reticle carrier system 32 in the exposure apparatus of the
second embodiment. As 1s shown 1n FIG. 8, 1n the second
embodiment, reticle stage RST', based on a double reficle
holder method on which reticles R1 and R2 serving as masks
can be mounted at the same time, 1s arranged on reticle base
supporting platform 60 making up support columns 52.

On one end of the upper surface of reticle stage RST' 1n
the —X side, an X-axis movable mirror 79X', which 1s twice
as long as X-axis movable mirror 79X described earlier, 1s
provided extending in the Y-axis direction. Therefore, when
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reticle stage RST moves along the Y-axis direction 1n
between the position above projection optical system PL
where exposure 1s performed, the unloading position, and
the loading position, the length measuring beam from the
X-axis laser interferometer that makes up reticle laser inter-
ferometer 64 1s 1irradiated on the movable mirror at all times.
Accordingly, the change over described above will not be
necessary.

In addition, as 1s obvious when comparing FIG. 2 previ-
ously described and FIG. 8, the exposure apparatus in the
second embodiment employs reticle carrier system 32 as a
mask carrier system, which 1s the same as the first embodi-
ment. The reason for employing reticle carrier system 32
without any changes 1s because 1n reticle carrier system 32,
since arms of an articulated robot are used as loading arm 71
and unloading arm 73, parts such as the loading buffer, the
unloading buifer, and the reticle stage can be arranged at any
position as long as 1t 1s within the moving range of the arms,
and changing the layout of the reticle stage does not cause
any serious problems.

In the second embodiment, on retile exchange, the reticle
exchange performed on the reticles holder (not shown) on
the —Y side (the left side in FIG. 8) goes through the same
procedures as the ones described earlier in the first
embodiment, however, the reticle exchange that follows on
the reticle holder (not shown) on the +Y side (the right side
in FIG. 8) i1s performed while reticle stage RST' is standing
still at the reticle loading position of the reticle onto the
reticle holder on the =Y side. That 1s, after reticle R2 1s
unloaded from the +Y side holder on reticle stage RST,
which 1s standing still at the above loading position by
unloading arm 73, the next reticle 1s loaded by loading arm

71.

Prior to this operation, after loading a new reticle onto the
reticle holder on the -Y side, loading arm 71 has to unload
a new reticle immediately from loading buffer 25. As a
matter of course, the above new reticle 1s loaded nto loading
buffer 25 from carrier main body 74 by robot 88, and
immediately after the loading, pre-alignment 1s performed
on the reticle by the mechanical reticle positioning unit 131
and noncontact position measuring unit 43.

Other operation procedures on reticle exchange are the
same as 1n the first embodiment.

In addition, regarding the entire exposure process, 1n the
second embodiment, operations such as the setting of vari-
ous exposure conditions, reticle alignment, and baseline
measurement of alignment system ALG1 (and ALG2) are
performed in the same manner 1n the predetermined proce-
dures as 1n the first embodiment, after the reticle 1s
exchanged, and then, for example, fine alignment of wafer
W1 1s performed using alignment system ALG1. Then, after
the preparatory operations for exposing waler W1, the
pattern of reticle R1 is transferred onto each shot area on
waler W1 1n a step-and-scan method, based on the alignment
results.

Then, following the above operation, reticle stage RST" 1s
moved and the pattern of reticle R2 1s overlaid and trans-
ferred onto each shot area of wafer W1 where the pattern of
retile R1 1s already transterred. That 1s, double exposure of
cach shot areca on wafer W1 1s performed in the manner
described above.

In parallel with the double exposure operation performed
on waler W1, wafer exchange and fine alignment using
alignment system AILLG2 1s performed on the other wafer
stage WST2, and then wafer stage WST2 moves onto a
waiting state.
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Then, when pattern transfer of the pattern of reticle R2
onto waler W1 on wafer stage WST1 has been completed,
waler stage WST1 1s moved to the water exchange position,
and wafer stage WST2 1s also moved below projection
optical system PL so that double exposure similar to the one
previously described (however, in this case, the pattern is
transferred in the order of reticle R2 and then reticle R1) is
performed on the water on wafer stage WST2. As a matter
of course, during this exposure, wafer exchange and wafer
alignment 1s being performed on wafer stage WSTI.

According to the exposure apparatus of the second
embodiment described above, other than the fact that the
same effect can be obtained as the first embodiment, since
double exposure 1s performed using two reticles, the
improving effect of the resolution and DOF (depth of focus)
can be obtained, as well as the effect of achieving exposure
with higher precision.

In the above second embodiment, the case has been
described where change over in the interferometer 1s not
necessary because of reticle stage RST being based on the
double holder method, however, in both of the above first
and second embodiments, positional measurement of reticle
stage RST may be performed with the interferometer on
scanning exposure and detecting fiducial marks on reficle
stage RST, and on reticle exchange, sensors different from
the interferometer (for example, a linear encoder) can be
used to move retile stage RST. When the wafer stage 1s
based on a double stage method, the reticle alignment
system detects the marks on reticle R (or the fiducial marks
on the reticle stage) and the fiducial marks of the wafer stage
prior to exposure. Therefore, even when the measurement by
the reticle mterferometer cannot be performed temporarily
while another sensor i1s being used, no special operation 1s
required when the reticle interferometer resumes the
measurement, so it does not reduce the throughput.

In addition, the exposure apparatus in the above first
embodiment may perform double exposure, and 1n this case,
it 1s preferable to employ a sequence of performing reticle
exchange after exposure using the first reticle on all the
walers 1n the lot subject to exposure 1s performed, and then
performing double exposure on all the waters 1n the same lot
using the second reticle. In such a case, double exposure 1s
performed on the same wafer using two reticles, and the
waler 1s preferably mounted on the same watfer stage 1n both
the first and second exposures. In addition, when double
exposure on wafers 1 a different lot 1s to be performed
following the lot described above, it 1s preferable to employ
a sequence of performing the first exposure of the double
exposure using the second reticle mounted on the reticle
stage, performing reticle exchange, and then performing the
second exposure using the first reticle.

In each of the above embodiments, when the double stage
method 1s employed for reticle stage RST, the reticle
exchange position may be set on both sides in the scanning
direction (the Y-axis direction) with the exposure position in
between, and in parallel with the exposure operation being
performed on one stage, the reticle exchange or the like may
be performed on the other stage.

In addition, in each of the above embodiments, wafer
stages WST1 and WST2 may, for example, be a hybrid
positioning stage in which the walfer table can be finely
moved 1n the X-axis and the Y-axis directions 1n the least,
with respect to a stage main body movable 1n the X-axis and
the Y-axis direction. Similarly, reticle stage RST may be a
hybrid positioning stage 1n which a fine movement stage 1s
relatively moved in the X-axis, the Y-axis, and the rotational
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direction (the Oz direction) in the least, with respect to a
rough movement stage that 1s driven 1n only the scanning
direction (the Y-axis direction) with long strokes.

Furthermore, the exposure apparatus in each of the above
embodiments employs a twin stage based on a slide method
where wafer stage WST1 moves 1n between alignment
system ALG1 and projection optical system PL and wafer
stage WST2 moves 1n between alignment system ALG2 and
projection optical system PL. The present invention,
however, 1s not limited to this, and the exposure apparatus
may employ a twin stage based on a switching method
where only one alignment system 1s provided and the two
waler stages are moved alternately 1n between the alignment
system and the projection optical system. Details on such a
system are disclosed in, for example, International Publica-

tion WO 98/40791 (and the corresponding U.S. Pat. No.
6,262,796).

In addition, 1n each of the above embodiments, base 54 on
which the wafer stage 1s mounted has been made to suspend
from barrel supporting platform 46. However, base 54 may
be supported by a vibration 1solation mechanism different
from the vibration 1solation mechanism that supports barrel
supporting platform 46, and the point 1s that the body
structure, the chamber arrangement, and the like of the
exposure apparatus to which the present invention 1s applied
1s optional and not limited to the ones described 1n each of
the above embodiments.

In each of the above embodiments, exposure apparatus
main body 30 and reticle carrier system 32 have been housed
in main body chamber 12, however, the main body chamber
12 may be divided so that exposure apparatus main body 30
and reticle carrier system 32 are arranged 1n different spaces,
or the exposure apparatus main body 30 may be arranged 1n
a chamber different from reticle carrier system 32, and then
connected to each other.

In each of the above embodiments, the case has been
described where the present invention has been applied to a
double wafer stage type scanning stepper that achieves high
throughput by parallel processing performed on the two
stages. The present invention, however, 1s not limited to this,
and the present mvention can also be suitably applied, as a
matter of course, to a single stage type scanning stepper, as
well as to a step-and-repeat type exposure apparatus that
transfers a mask pattern onto a photosensitive object 1n a
state where the mask and photosensitive object are standing
still, and sequentially steps the photosensitive object. In
addition, the present invention can also be applied to a
proximity exposure apparatus that transfers a mask pattern
onto a photosensitive object by making the mask come into
contact with the photosensitive object, without using the
projection optical system.

The usage of the exposure apparatus 1s not limited to
exposure apparatus for manufacturing semiconductor
devices, and for example, the present invention may be
broadly applied to an exposure apparatus for liquid crystals
that transfers a liquid crystal display device pattern on a
square shaped glass plate, or to an exposure apparatus for
manufacturing parts such as a plasma display, an organic EL,
a thin-film magnetic head, a pickup device, a micromachine,

a DNA chip, and the like.

In the exposure apparatus in the present invention, the
light source is not limited to a KrF excimer laser (248 nm)
or an ArF excimer laser (193 nm), but an extra-high pressure
mercury lamp may also be used. In this case, an emission
line such as a g-line (436 nm) or an i-line (365 nm) may be
used as the exposure illumination light. In addition, as the
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light source, an F, laser (157 nm) may be used. In addition,
for example, as vacuum ultraviolet light other than the laser
beams emitted from the above light sources, a harmonic
wave may be used that 1s obtained by amplifying a single-
wavelength laser beam 1 the infrared or visible range
emitted by a DFB semiconductor laser or fiber laser, with a
fiber amplifier doped with, for example, erbium (Er) (or both
erbium and ytteribium (yb)), and by converting the wave-
length 1nto ultraviolet light using a nonlinear optical crystal.

In addition, the present invention may also be applied not
only to an exposure apparatus for microdevices such as
semiconductors, but also to an exposure apparatus that
transfers a circuit pattern on a glass substrate or a silicon
waler 1n order to produce reticles and masks used 1n an
optical exposure apparatus, an EUV exposure apparatus, an
X-ray exposure apparatus, an electron beam exposure
apparatus, and the like. In the exposure apparatus that uses
a DUV (Deep Ultraviolet) light or VUV (Vacuum
Ultraviolet) light, normally a transparent reticle 1s used, and
as the reticle substrate, materials such as quartz glass, quartz
glass doped with fluorine, fluorite, magnesium fluoride, and
crystal are used.

In addition, the magnification of the projection optical
system 1s not limited to a reduction system, and a system of
equal magnification or a magnifying system may also be
used. In addition, the projection optical system 1s not limited
to a dioptric system, and a catadioptric system or a reflection
system may also be used as the optical system.

Semiconductor devices are manufactured by going
through processes such as a design step in which the
function/performance of the device 1s designed, a reficle
manufacturing step 1n which a reticle 1s manufactured based
on the design step, a waler manufacturing step 1 which a
waler 1s manufactured from a silicon material, a wafer
processing step 1 which the reticle pattern i1s transferred
onto the waler by the exposure apparatus described 1n the
embodiments, a device assembly step (including dicing
process, bonding process, and packaging process), and an
Inspection step.

While the above-described embodiments of the present
invention are the presently preferred embodiments thereof,
those skilled in the art of lithography systems will readily
recognize that numerous additions, modifications, and sub-
stitutions may be made to the above-described embodiments
without departing from the spirit and scope thereof. It 1s
intended that all such modifications, additions, and substi-
tutions fall within the scope of the present invention, which
1s best defined by the claims appended below.

What 1s claimed 1s:

1. A mask exchanging method in which mask exchange 1s
performed on a mask stage movable 1n a predetermined
direction, said method comprising;:

an unloading process 1n which an unloading arm unloads
a mask from said mask stage when said mask stage
holding said mask 1s at a predetermined unloading
position;

a loading process 1n which a loading arm drivable inde-
pendently from said unloading arm loads a mask on
said mask stage when said mask stage holds said mask

at a predetermined loading position different from said
unloading position; and

a moving process 1n which said mask stage 1s moved from
said unloading position to said loading position 1n
between said unloading process and said loading pro-
CESS.
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2. The mask exchanging method of claim 1, said method
further comprising:

a measuring process 1n which a relative position between
said mask and said loading arm 1s measured 1n a
noncontact manner by the time a mask 1s loaded onto

said mask stage; and

an adjustment process in which a positional relation
between said mask and said mask stage 1s adjusted
when loading of said mask by said loading arm onto
said mask stage 1s performed, taking 1into consideration
results of said measuring,.

3. The mask exchange method of claim 1 wherein

a mask carrier system that includes said unloading arm
and said loading arm and said mask stage are mounted
on different frames, respectively, and 1 said loading
process a positional relation between said mask and
said mask stage 1s adjusted according to a positional
relation between said different frames.

4. The mask exchange method of claim 3 wherein

in said loading process, a relative positional relation
between said mask and said loading arm 1s measured,
and a positional relation between said mask and said
mask stage 1s also adjusted, taking into consideration
results of said measuring.

5. The mask exchange method of claim 1 wherein

said mask stage 1s provided 1n an exposure apparatus that
synchronously moves a mask and a photosensitive
object so that scanning exposure 1s performed on said
photosensitive object with an 1llumination beam irra-
diated on said mask in order to transfer a pattern of said
mask onto said photosensitive object, and

said unloading position and said loading position are set
apart 1n a scanning direction, which 1s a direction 1n
which said mask 1s moved during said scanning expo-
sure.

6. An exposure apparatus that transfers a pattern formed
on a mask onto a photosensitive object, said apparatus
comprising;

a mask stage that holds said mask and 1s movable 1n at

least a predetermined uniaxial direction;

a mask carrier system that has a loading arm that loads a
mask onto said mask stage when said mask stage 1s at
a predetermined loading position and an unloading arm
that 1s driven independently from said loading arm and
unloads a mask from said mask stage when said mask
stage 1s at an unloading position different from said
loading position; and

a stage control unit that moves said mask stage from said
unloading position to said loading position 1n between
unloading operation of said mask by said unloading
arm and loading operation of a mask by said loading,
arm.

7. The exposure apparatus of claim 6, said apparatus

further comprising:

a noncontact position measuring unit that measures a
relative position between said mask and said loading
arm 1n a noncontact manner by the time a mask i1s
loaded onto said mask stage; and

a control unit that adjusts a positional relation between
said mask and said mask stage when loading of said
mask by said loading arm onto said mask stage i1s
performed, taking into consideration results of said
measuring by said noncontact position measuring unit.

8. The exposure apparatus of claim 6 wherein

loading of a mask onto said mask stage and unloading of
a mask from said mask stage are performed by com-
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bining relative movement of said loading arm and said
unloading arm, respectively, and said mask stage within
a predetermined plane, and relative movement of said
loading arm and said unloading arm, respectively, and
said mask stage 1n a direction perpendicular to said
predetermined plane.

9. The exposure apparatus of claim 8 wherein

at least one of said loading arm and said unloading arm 1s
movable 1n both said predetermined plane and 1n said
direction perpendicular to said predetermined plane.
10. The exposure apparatus of claim 6 wherein

a plurality of masks can be mounted on said mask stage
along a collinear direction in which said loading posi-
tion and said unloading position are arranged.

11. The exposure apparatus of claim 10, said apparatus

further comprising:

a plurality of object stages that can move independently,
cach holding said photosensitive object.
12. The exposure apparatus of claim 6, said apparatus
further comprising:

an unloading buffer on which a mask that has been
unloaded from said mask stage 1s mounted.
13. The exposure apparatus of claim 12, said apparatus
further comprising:

a loading buifer on which a mask to be loaded onto said
mask stage 1s temporarily mounted.
14. The exposure apparatus of claam 13 wherein

a positioning unit that mechanically positions a mask 1s
provided on said loading buffer.
15. The exposure apparatus of claim 6, said apparatus
further comprising:

a loading buffer on which a mask to be loaded onto said
mask stage 1s temporarily mounted.
16. The exposure apparatus of claim 15 wherein

a positioning unit that mechanically positions a mask 1s
provided on said loading buffer.
17. The exposure apparatus of claim 6, said apparatus
further comprising:

a plurality of object stages that can move 1independently,
cach holding said photosensitive object.
18. The exposure apparatus of claim 6, said apparatus
further comprising:

a main body on which said mask stage 1s mounted and
transfer of said pattern 1s performed;

a carrier system supporting frame on which said mask
carrier system 1s mounted, said frame arranged sepa-
rately from said main body;

a measuring sensor that measures a relative positional
relation between said main body and said carrier sys-
tem supporting {frame; and

a control unit that adjust a positional relation between said
mask and said mask stage when said mask 1s loaded
onto said mask stage by said loading arm, taking into
consideration measurement results of said measuring,
SENSOT.

19. The exposure apparatus of claim 18, said apparatus

further comprising:

a position measuring unit that measures a relative position
between said mask and said loading arm 1n a noncon-
tact manner by the time a mask 1s loaded onto said
mask stage, wherein

said control unit adjusts a positional relation between said
mask and said mask stage, taking into consideration
measurement results of said position measuring unit.
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20. The exposure apparatus of claim 6, said apparatus
further comprising:

a position measuring unit that measures a relative position
between said mask and said loading arm 1n a noncon-
tact manner by the time a mask 1s loaded onto said
mask stage; and

a control unit that adjusts a positional relation between
said mask and said mask stage when loading of said
mask by said loading arm onto said mask stage is
performed, taking into consideration measurement
results of said position measuring unit.

21. An exposure apparatus that transfers a pattern formed
on a mask onto a photosensitive object, said apparatus
comprising;

a mask stage that holds said mask and 1s movable 1n at

least a predetermined uniaxial direction;

a mask carrier system that includes a loading arm used for
loading said mask onto said mask stage and an unload-
ing arm driven independently from said loading arm for
unloading said mask from said mask stage;

a position measuring unit that measures a relative position
between said mask and said loading arm 1n a noncon-
tact manner by the time a mask 1s loaded onto said
mask stage; and

a control unit that adjusts a positional relation between
sald mask and said mask stage when loading of said
mask by said loading arm onto said mask stage is
performed, taking into consideration measurement
results of said position measuring unit, and
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an unloading position where said unloading arm performs
unloading operation of a mask and a loading position
where said loading arm performs loading operation of
a mask with respect to said mask stage are set at
different positions, and said apparatus further compris-
Ing:

a stage control unit that moves said mask stage from said
unloading position to said loading position 1n between
unloading operation of a mask from said mask stage by
sald unloading arm and loading operation of a mask
onto said mask stage by said loading arm.

22. The exposure apparatus of claim 21, said apparatus

further comprising:

a main body on which said mask stage 1s mounted and
transfer of said pattern 1s performed;

a carrier system supporting frame on which said mask
carrier system 1s mounted, said frame arranged sepa-
rately from said main body; and

a measuring sensor that measures a relative positional

relation between said main body and said carrier sys-
tem supporting frame, wherein

said control unit adjusts a positional relation between said
mask and said mask stage when said mask 1s loaded,
taking 1nto consideration measurement results of said
measuring Sensor.
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